The indirect hemagglutination (IHA) test was used to investigate the difference in antigen and antibody response between genetically susceptible (S-line) and genetically resistant (K-line) chickens infected with JM virus either by natural exposure or artificial inoculation.
Genetically resistant K-line chickens and genetically susceptible S-line chickens have been selected for many years by Drs. Hutt and Cole (2,4,9) on the basis of their response to naturally occurring leukosis. Similarly, K-and S-line chickens have been respectively reported to be resistant and susceptible to Type II leukosis also when inoculated with JM virus (4,12). Resistance to Type II leukosis has been suggested to be controlled genetically, though the basis for the resistance is not known. Furthermore, it is not known whether the differences in oncogenic response of Kand S-line chickens are due to the production of antigen or antibody factors or a lack of them. The present study was therefore done to investigate the extent to which these divergent strains of K-and S-line chickens react immunologically to JM virus infection. Antigen and antibody response was determined by indirect hemagglutination (IHA) test. Also included in this study are models of antigen and antibody distribution between S-and K-line chickens.
MATERIALS AND METHODS
Experimental design. The general design was experimental or natural exposure to JM leukosis virus of known susceptible (S) and resistant (K) chickens at one day old, after which the IHA test measured the sensitivity, rapidity, levels, and duration of antigen and antibody responses in the plasma. Ninety S-line and 100 K-line day-old chicks were each allotted into 3 JM-infected groups and 1 control group. Group 1 chicks (23 in each line) were infected via airborne natural exposure, whereas Groups 2 and 3 (24 chicks in each line) were respectively inoculated intra-abdominally with 0.25 ml of JM tumor suspension and 0.25 ml of JM-infected duck embryo fibroblast (DEF; third-passage cell culture, 6 X 104 plaqueforming units/ml). All chicks were kept in modified Horsfall units for maximum security against crossinfection. Control birds (19 of S-line and 29 of K-line) were isolated several miles away at South Deerfield Farm, University of Massachusetts. All chicks were identified by wing-band numbers and fed and managed similarly.
Samples of blood were drawn from each chicken via the alar vein into citrated tubes and centrifuged. Samples were collected weekly from day-old up to the termination of this experiment (at 20 weeks postinfection) and were tested as fresh plasma.
All birds which died during the experiment were necropsied and recorded.
Preparation of virus inocula and viral antigen. Primary DEF were prepared by conventional trypsinization of decapitated 10-to-12-day-old embryos obtained from a flock of White Pekin ducks in Sterling, Massachusetts. The cell culture (3.3 X 106 cells/ml) was grown in medium 199 (Flow Laboratories, Rockville, Maryland) supplemented with 10% tryptose phosphate broth and 5% bovine fetal serum, and containing 100 units penicillin, 100 ,Ag dihydrostreptomycin, and 0.25 pug Fungizone per ml. The pH was adjusted to 7.2-7.4 with sodium bicarbonate. The normal control cultures were incubated at 37 C with a 5% carbon dioxide atmosphere, and the cells were subcultured until the monolayer growth became confluent (usually 3 to 4 days).
JM virus (9) inocula were prepared from DEF cell culture overlaid with JM-infected chicken kidney cells from a four-week-old S-line chicken infected experimentally with JM virus via natural air exposure. The cell-culture medium was the same as described above. The third passage of infected DEF was allowed to grow until the cell sheets peeled, and then harvested in cell-culture fluid to give an approximate 20% cell suspension. The cells were treated with 10% dimethylsulfoxide (DMSO) and stored in sealed glass ampoules in a liquid nitrogen tank.
The JM-infected DEF cell culture was frozen and thawed 3 times in a dry-ice-alcohol solution, and the cell-culture fluid was collected and centrifuged at 1,000 X g for 10 minutes. The supernate was carefully removed and the sedimented cell debris was discarded. The supernate was spun again at 15,000 X g for one hour. The pellet was separated from the supernate and set aside.
The antigens in the infected supernate were concentrated' by the precipitation method with saturated ammonium sulfate. The fluid was cooled to 4 C and added to an equal volume of saturated ammonium sulfate [ (NH4)2 SO4)], and the mixture was homogenized on a magnetic stirrer for one hour at 4 C. The precipitate was taken up in the phosphate-buffered saline (PBS) at 4 C overnight to remove the remaining ammonium sulfate. Finally, the dialyzed viral antigen was later combined with the pellet, The rabbits were bled via cardiac puncture for antiserum ten days after the last injection. Antisera were absorbed once each with normal duck embryo fibroblasts, normal chicken tissue powder, and finally dried fetal bovine sera, and centrifuged at 10,000 X g for one hour. The absorbed antisera were inactivated at 56 C for 30 minutes and then kept at -20 C until used.
Immunoglobulin was precipitated with 33% saturation of ammonium sulfate. The immunoglobulin precipitate fractions were dialyzed against PBS at 4 C overnight to remove ammonium sulfate. The immunoglobulin fractions were concentrated to 75% of the original volume by dialyzing against Carbowax (Union Carbide and Carbon Co., N.Y.) and stored at -20 C. The immunoglobulin was used to sensitize the formalinized tanned sheep erythrocytes for detecting the JM virus levels in the infected chickens.
Preparation of sheep erythrocytes. Formalinization was by the dialysis method, suspending a dialysis bag filled with 10% sheep erythrocytes in a beaker containing 40% formalin at pH 6.0. The beaker was shaken gently at 4 C for 2 hr, the dialysis bag was released, and the formalin was floated over the cells. The mixture was then placed at 4 C for 6-8 hr with occasional swirling, after which the fixed cells were washed 3 times with 2 volumes of PBS and stored at -20 C. (Table 1 ). The corrected mean titers were 4.1 (log2) for K-line and 5.3 for S-line. It was also observed that week effect and week X line interaction were both highly significant (P<0.005). The least-squares means for these two lines for 4 to 20 weeks of age (Fig. 2) indicate that the line difference in antigen titer appeared to decrease with age. Separate analysis of variance within each week indicates that by 11 weeks of age the line difference no longer approached significance.
Although females are in general more susceptible than males to type II leukosis, differences between the sexes in IHA antigen Thus, the antigen titer gradually increased from 4 to 6 weeks of age and then decreased to 8 weeks of age. Thereafter it remained at approximately the same level until 18 weeks of age and then tended to increase again.
Males and females did not differ significantly in antigen titer, nor was the sex X line interaction significant ( Inoculation of JM-infected tumor suspension. Fig. 4 plots the mean antigen titers for the group inoculated with tumor suspension. Data obtained after 8 weeks of age were not used for statistical analysis since S-line chickens left after that period were no longer adequate in numbers.
Again Table 1 The significant week X line interaction evidently resulted from the different patterns of increase or decrease in antigen titer during the experiment. This is shown more clearly in Fig. 4 .
Although the sexes did not differ significantly in antigen titers, sex X line interaction was statistically significant at the 0.01 probability level. The reason is that the sex difference was greater in the K-line than in the S-line. Table 1 indicates that, as with antigen titer, the two lines differed significantly (P<0.005) in IHA antibody titer. The corrected mean titers are 2.3 for K-line and 3.5 for S-line. Again, week effect and week X line interaction were both highly significant (P<0.005). As shown in Fig. 2 , line difference in antibody titer decreased significantly with age. However, analysis of variance within each week shows that, except at 9 weeks of age, the significant line difference for antibody titer could be detected at least at the 0.05 probability level throughout the 20-week experimental period. At 9 weeks of age, antibody titer decreased sharply in S-line chickens. Table 1 As with antigen titer, the antibody level increased from 4 to 6 weeks of age and then sharply decreased to 8 weeks of age. At 11 weeks, however, it appeared to increase again (Fig. 3) .
Similarly, no significant difference was found between sexes or in the sex X line interaction. The significant interaction between week and line is thought to be due mainly to the interaction at 6 weeks of age: a sharp decrease in antibody titer in K-line along with a sharp increase in S-line (Fig. 4) . Control group. Uninoculated controls were 19 S-line and 29 Kline chickens strictly isolated at a separate farm. There were no clinical signs or deaths that could be attributable to Type II leukosis, and the IHA test detected no appreciable antigen or antibody titer.
DISCUSSION
The significantly higher levels of antigen and antibody titers in S-line chickens than in K-line from 4 to 8 weeks of age (thereafter becoming smaller or nonsignificant) indicate that the young S-line chicks may provide a better cellular environment for growth and/or multiplication of Type II leukosis agent than will the resistant K-line chicks. Antibody response was correlated, respectively proportionally and inversely, with antigen titers and resistance to Type II leukosis. Therefore, the role of IHA antibody in the pathogenesis of this disease is not clear. The results suggest that the IHA antibody does not indicate a significant protective ability against Type II leukosis.
The comparison of the effect of different treatments indicates that the line differences in antigen and antibody levels were significantly greater (P<O.O1) in both the JM-tumor-suspension and naturally exposed groups than in the JM-infected DEF group. The preceding data suggest that the antigen-antibody response between 4 and 8 weeks of age may be a useful technique for selecting lowviremic (resistant) or high-viremic (susceptible) stocks in a genetic selection program. Differences in antigen titers decreased significantly with age. Also it is known that resistance to Type II leukosis increases with age (9,13). It is therefore suggested that the criteria for selection may be based on antigen titers obtained at a younger age.
Although females are more susceptible to Type II leukosis than are males (3,7), sex differences were not significant in either antigen and antibody titer in this experiment. The mechanism of the sex difference in susceptibility to Type II leukosis is not well established, although the data suggest that both sexes were infected equally under the same condition and both sexes had comparable antigen and antibody titer. Thus, sex difference in response to Type II leukosis may involve some factors other than antigen or antibody titers.
The IHA test detected neither antigen nor antibody in the control group. Hence, the antigen or antibody titers in the infected groups appear to be due to infection with Type II leukosis agent. Furthermore, since the controls were offspring of parents apparently exposed to the disease agent, these results may suggest either the absence of egg transmission of antigen and maternal antibody or that titers were too low to be detected by the techniques used. A similar observation by Eidson and Schmittle (5) 
